patient identification numbers). We required that clinicians encounter the reminder during routine performance of the activities of interest, such as prescribing medications or documenting clinical information. Reminders that required clinicians to deviate from their usual activities (e.g., to use a special program without any prompt from the main clinical information system) were excluded because relying on users to remember to call up such resources undermined the core notion of a reminder.
Outcomes
We focused primarily on improvements in processes of care rather than on clinical outcomes, because we wished to determine the degree to which computer reminders achieved their main goal, namely changing provider behaviour. The degree to which such changes ultimately improve patient outcomes will vary depending on the strength of the relation between targeted processes and clinical outcomes. Consequently, if computer reminders do not improve patient outcomes, this may reflect inadequate connections between the targeted processes and outcomes of care rather than a failure to change physician behaviour. Nonetheless, we did capture clinical outcomes, including intermediate outcomes such as control of blood pressure. We excluded outcomes primarily related to resource use, such as length of hospital stay.
We standardized all outcomes so that increases always corresponded to improvements in care. For instance, if a study reported the proportion of patients who received inappropriate medications, we would record the complementary proportion of patients who received appropriate care.
Data extraction
For any given article, two of three investigators (K.S., A.J. or A.M.) independently screened the citation for inclusion. They abstracted the following data from included articles: clinical setting, number of participants, methodologic details, characteristics of the computer reminder, the presence of cointerventions, and the results for eligible outcomes. Discrepancies between the two reviewers were resolved by discussion, involving the third reviewer if necessary to achieve consensus.
Statistical analysis
We anticipated that many studies would assign intervention status at the provider level but would not account for "cluster effects" when analyzing patient-level data. 6, 7 Correcting for clustering effects can sometimes be achieved by estimating the intraclass correlation coefficients, especially if the primary studies all report the same outcome and a minority provide relevant data upon which to base imputations. 8 In this case, however, few studies contained the necessary data, and studies tended to report multiple outcomes, which required an additional assumption that correlations within clusters do not vary across different outcomes.
To preserve the goal of quantifying the effects of computer reminders without resorting to numerous assumptions and conveying a misleading degree of precision, we focused on the median and interquartile range (IQR) for improvements reported by eligible studies. This method, first used in a large review of strategies for implementing guidelines, 9 has since been applied in Cochrane reviews of interventions to improve practice 10−14 and other systematic reviews of quality improvement interventions. 15−18 Quantifying the median improvement involves two distinct uses of "median." First, to handle multiple outcomes within individual studies, we identified the median improvement across each study's eligible outcomes. If a study re ported 10 adherence-related outcomes, we calculated the median absolute difference in adherence between the intervention and control groups. With each study represented by its median outcome, we then calculated the median effect and IQR across all included studies. For the purposes of sensitivity analyses, we repeated this calculation using the best outcome from each study.
The median and IQR convey the magnitudes of improvement achieved in the majority of studies. This method avoids skewing by a few outlying studies with highly positive results and 95% confidence intervals inappropriately narrowed by ignoring important clustering effects. It also permits nonparametric analyses of potential associations between study features and effect size in order to examine subgroups of studies Results of literature search. *Excluded topics included expert systems (e.g., artificial intelligence or neural network applications) for facilitating diagnosis or for estimating prognosis; decision support not directly related to patient care (e.g., coding medical records); and reminders directed primarily at nonphysicians.
with larger or smaller magnitudes of effect. For instance, we looked for associations between magnitude of effect and study size, markers of methodologic quality, features of the study context (e.g., ambulatory v. inpatient) and characteristics of the reminders (e.g., requiring users to enter a response before continuing with their work). We performed all such comparisons using a nonparametric Mann-Whitney rank-sum test.
Results
Of 2036 citations identified, we excluded 1662 at the initial stage of screening and an additional 374 after review of the full-text articles. A total of 28 articles (reporting 32 comparisons) met all of our inclusion criteria ( Figure 1 ). 19−46 The full review has recently been published in The Cochrane Library. 47 Of the 32 comparisons, 19 were in the United States and 8 occurred in inpatient settings (Table 1 , located at the end of the article). Only six comparisons involved a quasi-randomized design, typically allocating intervention status on the basis of even or odd provider identification numbers. Twentysix comparisons allocated intervention status to providers or provider groups (cluster trials); 12 of these comparisons accounted for clustering effects in the analysis. Seventeen trials reported a power calculation that included a target effect size. Twelve trials reported a target improvement in adherence to processes of care; 10 of these trials specified an absolute increase of at least 10% (Table 1) . Figure 2 displays the median improvements in adherence to Median absolute improvements in adherence to processes of care between intervention and control groups in each study. Each study is represented by the median and interquartile range for its reported outcomes; studies with single data points reported only one eligible outcome.
processes of care for each included study (for details about the results from each study, see Appendix 1, available at www.cmaj.ca /cgi/content /full/cmaj.090578 /DC1). Pooling data across studies ( Table 2 also shows the results obtained when we used the best outcome from each study instead of the median improvement. Across eight comparisons that reported dichotomous clinical outcomes (e.g., achievement of target treatment goals), patients in the intervention groups experienced a median absolute improvement of 2.5% (IQR 1.3%-4.2%). For blood pressure control, the single most commonly reported outcome, patients in the intervention groups experienced a median reduction in systolic blood pressure of 1.0 mm Hg (IQR 2.3 mm Hg reduction to 2.0 mm Hg increase) and a median reduction in diastolic blood pressure of 0.2 mm Hg (IQR 0.8 mm Hg reduction to 1.0 mm Hg increase).
Study features and effect size
We found no significant correlation between effect size and the following study features: publication year, country (United States v. other), study design (randomized v. quasi-randomized) or sample size (whether calculated on the basis of patients or providers) (Figure 3) . We considered that studies with high adherence rates in control groups (a marker for baseline adherence) might achieve smaller improvements in care, because they had smaller opportunities for improvement. Surprisingly, studies with control-group adherence rates that were higher than the median across all studies showed larger effect sizes (Figure 3 ). When we analyzed the potential impact of baseline adherence in various other ways (e.g., focusing on the highest and lowest quartiles of baseline adherence), we found no evidence that small improvements reflected high baseline quality of care.
We observed a trend toward larger improvements with 
Features of computer reminders and effect size
We analyzed a number of reminder characteristics to look for associations with effect size (Figure 4 No trends toward larger effect sizes existed based on the type of targeted problem (underuse v. overuse of a targeted process of care), inclusion of patient-specific information, provision of an explanation for the alert, inclusion of a specific recommendation with the alert, development of the reminder by the study authors, or the type of system used to deliver the reminder (CPOE [computerized provider order entry] v. electronic medical records).
Reminders that were "pushed" onto users (i.e., users automatically received the reminder) did not achieve larger effects than reminders that required users to perform some action to receive them (i.e., users had to "pull" the reminders); only 4 of the 32 comparisons involved "pull" reminders. A threearmed cluster randomized controlled trial of reminders for screening and treatment of hyperlipidemia 45 directly compared these two modes of delivering reminders. Patients cared for at practices randomly assigned to deliver automatic alerts were more likely to undergo testing for hyperlidemia and receive treatment than were patients at clinics where reminders were delivered to clinicians only "on demand."
Sensitivity analyses
We re-analyzed the potential predictors of effect size (study features and characteristics of reminders) using a variety of choices for the representative outcome from each study, including the outcome with the middle value (rather than a calculated median) and the best outcome (the outcome associated with the largest improvement in adherence to the process). None of these analyses substantially altered the main findings.
Interpretation
Across the 32 comparisons, computer reminders achieved small to modest improvements in care, with a median improvement of 4.2% (IQR 0.8%-18.8%). Even using the best out- Prescription of recommended vaccines (6) 3.8 (0.5 to 6.6) 4.8 (0.5 to 7.8)
Ordering of tests (13) come from each trial, the median improvement was only 5.6% (IQR 2.0%-19.2%). These changes fall below the thresholds for clinically significant improvements specified in most trials, and they are certainly smaller than the improvements generally expected from computerized order entry and electronic medical record systems. Interestingly, these improvements are also no larger than those observed for paper-based reminders. 5, 48 With the upper quartile of reported improvements beginning at an almost 20% increase in adherence to processes of care, some studies in our review clearly did show larger effects. However, we were unable to identify any study characteristic or reminder feature that predicted larger effect sizes, except for a statistically significant increase in magnitude of effect seen in studies involving a well-developed, homegrown computer order entry system at Brigham and Women's Hospital. 26, 31, 37, 40, 46 A trend toward larger effects was also seen for reminders that required users to enter a response in order to proceed; however, this finding may have been confounded by the uneven distribution of studies from Brigham and Wo men's Hospital. Thus, we do not know if the success of computer reminders at this institution reflects the design of reminders requiring user responses, other features of the computer system or perhaps institutional culture.
Included studies often provided limited descriptions of key features of the reminders and the systems through which they were delivered. We attempted to overcome this problem by abstracting basic features, such as whether user responses were required and whether the reminder displayed a justification for its content. But heterogeneity within even these apparently straightforward categories could mask important differences in effect. Important differences in effect may also reflect characteristics that we found difficult to operationalize (e.g., the "complexity" of the reminder) or that were inadequately reported. This problem of limited descriptive detail of complex interventions and the resulting potential for heterogeneity among included interventions in systematic reviews has been consistently encountered in the quality-improvement literature. 49, 50 Conventional meta-analyses estimate mean effects and 95% confidence intervals by calculating weighted averages across study results. The individual weights derive from study precision such that larger studies contribute greater weight to the meta-analytic result. However, more than half of the studies included in our review reported spuriously high precision, Median effects for adherence to processes of care by study feature. *Kruskall-Wallis test; all other p values reflect Mann-Whitney test. †Quasi-RCT refers to randomized controlled trials in which intervention status was assigned on the basis of an arbitrary but not truly random process, such as even or odd patient (or provider) identification numbers. ‡The total number of comparisons for the analysis of sample size is 31 because one study did not report the number of patients. §Studies classified as having no co intervention were those in which a computer reminder alone was compared with usual care; studies classified as having co-interventions were those in which the intervention group received a computer reminder plus one or more other quality improvement interventions, while the control group received those same quality improvement interventions but no computer reminder.
and most of the studies did not report the data required to adjust for this problem. For example, of the 26 clustered trials, only 9 provided a single value for the intra-cluster correlation coefficient, and only 3 reported values for all outcomes. Because we could not accurately weight studies based on precision, we focused on the median and interquartile range for study effects, a method that has found increasing appli cation in systematic reviews of interventions for quality improvement. 9, [13] [14] [15] 17, 18, 51 The main potential drawback of this method is that we assigned equal weight to all of the studies. However, for our results to have substantially misrepresented the true impacts of computer reminders, the minority of studies with large magnitudes of effect would also have to be the larger studies (and thus deserving of greater weight in a meta-analysis). Not only is this unlikely in general, we specifically showed that study size bore no relation to effect size, using various definitions of study and effect size.
Conclusion
Computer reminders typically increased adherence to target processes of care by amounts below thresholds for clinically significant improvements. A minority of studies showed more substantial improvements, consistent with the expectations of those who advocate widespread adoption of computerized order entry and electronic medical record systems. However, until further research identifies study design and reminder features that reliably predict clinically worthwhile improvements in care, implementing these expensive technologies will constitute an expensive exercise in trial and error.
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